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ELECTRODE WITH TIP LIFE IMPROVEMENT AND RELATED METHODS 
 
FIELD OF THE INVENTION 
This application relates to resistance spot welding, and, more particularly, to electrodes 
for resistance spot welding. 
BACKGROUND 
Metal manufacturing can involve welding metal sheets or metal alloy sheets together to 
form various parts or components of a final product. Various techniques or processes, including, 
for example, resistance spot welding, can be used to weld the metal sheets. Resistance spot 
welding can involve positioning metal sheets between electrodes and using the electrodes to 
apply a clamping force and an electric current to the metal sheets. Heat produced from a 
resistance of the metal sheets to the electric current, along with the clamping force of the 
electrodes, can be used to join the metal sheets at the interface, forming local cohesive zones 
known as weld nuggets. Current resistance spot welding processes use copper-based electrodes. 
However, the life of such electrodes is limited because the electrode tip becomes degraded at 
least partially due to the electric current flow path and tip temperature of the cap during 
resistance spot welding, which results in the weld quality over time becoming less consistent. As 
such, electrodes frequently must be dressed and replaced, which takes time away from the 
resistance spot welding process and increases the costs associated with resistance spot welding 
process. 
SUMMARY 
The terms “invention,” “the invention,” “this invention” and “the present invention” used 
in this patent are intended to refer broadly to all of the subject matter of this patent and the patent 
claims below. Statements containing these terms should be understood not to limit the subject 
matter described herein or to limit the meaning or scope of the patent claims below. 
Embodiments of the invention covered by this patent are defined by the claims below, not this 
summary. This summary is a high-level overview of various embodiments of the invention and 
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introduces some of the concepts that are further described in the Detailed Description section 
below. This summary is not intended to identify key or essential features of the claimed subject 
matter, nor is it intended to be used in isolation to determine the scope of the claimed subject 
matter. The subject matter should be understood by reference to appropriate portions of the entire 
specification of this patent, any or all drawings, and each claim.  
According to certain examples, an electrode for resistance spot welding includes a cap. 
The cap includes a cap body having a tip, a body cavity defined within the cap body, and a tip 
cavity defined within the cap body. The tip cavity is in fluid communication with the body cavity 
and the tip cavity extends from the body cavity towards the tip. 
According to some examples, a resistance spot welding system includes a first electrode 
and a second electrode. At least one of the first electrode and the second electrode includes a cap 
with a cap body having a tip, a body cavity defined within the cap body, and a tip cavity defined 
within the cap body. The tip cavity is in fluid communication with the body cavity and extends 
from the body cavity towards the tip. 
According to various examples, a method of manufacturing an electrode for resistance 
spot welding includes forming a body cavity within a cap body of the electrode. The method also 
includes forming a tip cavity within the cap body of the electrode such that the tip cavity is in 
fluid communication with the body cavity and extends from the body cavity towards a tip of the 
cap body of the electrode. 
According to some examples, a method of resistance spot welding includes positioning a 
first metal sheet and a second metal sheet between two electrodes. In some cases, at least one of 
the first metal sheet and the second metal sheet includes an aluminum alloy. In various aspects, 
at least one of the two electrodes includes an electrode with a cap body having a tip, a body 
cavity defined within the cap body, and a tip cavity defined within the cap body. The tip cavity is 
in fluid communication with the body cavity and extends from the body cavity towards the tip. 
The method also includes clamping the two electrodes together and applying a current to the first 
metal sheet and the second metal sheet through the two electrodes to form a weld nugget. 
Forming the weld nugget joins the first metal sheet with the second metal sheet. 
According to certain examples, a resistance spot welding system includes a first 
electrode, a second electrode, and an external cooling unit. The cooling unit is configured to 
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inject a coolant adjacent to at least one of the first electrode and the second electrode during 
welding. 
According to various examples, a method of resistance spot welding includes positioning 
a first metal sheet and a second metal sheet between two electrodes, where at least one of the 
first metal sheet and the second metal sheet includes an aluminum alloy. The method includes 
clamping the two electrodes together, applying a current to the first metal sheet and the second 
metal sheet through the two electrodes to form a weld nugget, and injecting a coolant adjacent to 
at least one of the two electrodes with an external cooling unit while applying the current. 
Forming the weld nugget joins the first metal sheet with the second metal sheet. 
Various implementations described in the present disclosure can include additional 
systems, methods, features, and advantages, which cannot necessarily be expressly disclosed 
herein but will be apparent to one of ordinary skill in the art upon examination of the following 
detailed description and accompanying drawings. It is intended that all such systems, methods, 
features, and advantages be included within the present disclosure and protected by the 
accompanying claims. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The features and components of the following figures are illustrated to emphasize the 
general principles of the present disclosure. Corresponding features and components throughout 
the figures can be designated by matching reference characters for the sake of consistency and 
clarity. 
FIG. 1 is a sectional view of an electrode for resistance spot welding according to aspects 
of the current disclosure. 
FIG. 2 is a top view of the electrode of FIG. 1. 
FIG. 3 is a diagram of a resistance spot welding system according to aspects of the 
current disclosure using the electrode of FIG. 1. 
FIG. 4 is a top view of an electrode for resistance spot welding according to aspects of 
the current disclosure. 
FIG. 5 is a top view of an electrode for resistance spot welding according to aspects of 
the current disclosure. 
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FIG. 6 is a top view of an electrode for resistance spot welding according to aspects of 
the current disclosure. 
FIG. 7 is a sectional view of an electrode for resistance spot welding according to aspects 
of the current disclosure. 
FIG. 8 is a sectional view of an electrode for resistance spot welding according to aspects 
of the current disclosure. 
FIG. 9 is a diagram of a resistance spot welding system according to aspects of the 
current disclosure. 
FIG. 10 is a diagram of a resistance spot welding system according to aspects of the 
current disclosure.  
FIG. 11 is a diagram of a resistance spot welding system according to aspects of the 
current disclosure. 
FIG. 12 is a perspective view of a resistance spot welding system according to aspects of 
the current disclosure using two electrodes. 
FIG. 13 is a sectional view of an electrode of the resistance spot welding system of 
FIG. 12. 
FIG. 14 is a sectional view of a resistance spot welding system according to aspects of 
the current disclosure. 
FIG. 15 is a sectional view of a resistance spot welding system according to aspects of 
the current disclosure. 
DETAILED DESCRIPTION 
The subject matter of embodiments of the present invention is described here with 
specificity to meet statutory requirements, but this description is not necessarily intended to limit 
the scope of the claims. The claimed subject matter may be embodied in other ways, may include 
different elements or steps, and may be used in conjunction with other existing or future 
technologies. This description should not be interpreted as implying any particular order or 
arrangement among or between various steps or elements except when the order of individual 
steps or arrangement of elements is explicitly described. Directional references such as “up,” 
“down,” “top,” “left,” “right,” “front,” and “back,” among others, are intended to refer to the 
5




orientation as illustrated and described in the figure (or figures) to which the components and 
directions are referencing.  
Aspects and features of the present disclosure can be used with any suitable metal 
substrate, however may be especially useful for bonding aluminum and/or aluminum alloys. In 
this description, reference is made to alloys identified by aluminum industry designations, such 
as “series” or “7xxx.” For an understanding of the number designation system most commonly 
used in naming and identifying aluminum and its alloys, see “International Alloy Designations 
and Chemical Composition Limits for Wrought Aluminum and Wrought Aluminum Alloys” or 
“Registration Record of Aluminum Association Alloy Designations and Chemical Compositions 
Limits for Aluminum Alloys in the Form of Castings and Ingot,” both published by The 
Aluminum Association. 
FIGs. 1 and 2 illustrate an example of an electrode 102 for resistance spot welding 
(“RSW”) according to examples of the present disclosure. The electrode 102 may be constructed 
from various materials suitable for RSW. As one example, the electrode 102 may be a copper-
based electrode 102 or a tungsten electrode.  
The electrode 102 includes a cap 104, a tip 106, and an outer surface 108. In the example 
of FIGs. 1 and 2, the cap 104 is generally cylindrical and the tip 106 is arcuate-shaped. However, 
the shape of the cap 104 and/or the tip 106 should not be considered limiting on the current 
disclosure, as the cap 104 and/or the tip 106 may have various suitable shapes as desired. 
As illustrated in FIGs. 1 and 2, the electrode 102 defines a body cavity 110. The body 
cavity 110 has a width 112, and extends to a predetermined depth within the cap 104. The shape 
of the body cavity 110 should not be considered limiting on the current disclosure, as the body 
cavity 110 may have various shapes (including various widths 112 and depths) as desired. In 
some examples, a coolant for cooling and controlling the temperature of the electrode 102 may 
be provided in a portion of the body cavity 110. In one example, chilled water may be used as a 
coolant and may be provided in at least a portion of the body cavity 110, although in other 
examples, various other suitable coolants including, but not limited to, liquid nitrogen, carbon 
dioxide, nanofluids, combinations thereof, or other suitable coolants may be utilized.  
In some examples, the electrode 102 may also define one or more tip cavities 114. In the 
example of FIGs. 1 and 2, the electrode 102 includes five tip cavities 114A-E. However, as 
mentioned below, the number of tip cavities should not be considered limiting on the current 
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6 
disclosure. Each tip cavity 114A-E is in fluid communication with the body cavity 110, and 
extends from the body cavity 110 towards the tip 106. Because each tip cavity 114A-E is in fluid 
communication with the body cavity 110, the coolant may be provided within each tip cavity 
114A-E. In various aspects, each tip cavity 114A-E is a blind opening or hole such that an 
opening is not formed in the outer surface 108 (see FIG. 1). One or more controllable 
characteristics of the tip cavities 114A-E may be controlled and adjusted as desired such that the 
electrode 102 provides a desired electric current flow path and temperature control of the tip 106 
as discussed in detail below. In some aspects, the controllable characteristic may include, but is 
not limited to, a width 118 of a tip cavity 114, a depth 120 of a tip cavity 114, a shape of a tip 
cavity 114, a position of a tip cavity 114 within the electrode 102, an angle or orientation of a 
central axis 122 of a tip cavity 114 relative to a central axis 116 of the electrode 102, a number of 
tip cavities 114, a pattern of a plurality of tip cavities 114, and/or various other controllable 
characteristics or combinations of characteristics as desired. In some examples, the controllable 
characteristics may be controlled or adjusted based on material properties of the materials to be 
joined through RSW, welding settings, joint configurations, etc. 
As illustrated in FIGs. 1 and 2, in various examples, the electrode 102 may include more 
than one tip cavity 114, or the tip cavity 114 may be omitted. For example, the electrode 102 
may omit the tip cavity, include one tip cavity, two tip cavities, three tip cavities, four tip 
cavities, five tip cavities, or more than five tip cavities. In the example of FIGs. 1 and 2, the 
electrode 102 includes five tip cavities 114A-E. 
As mentioned, each tip cavity 114A-E has the width 118. In various examples, the width 
118 of the tip cavity 114 is less than the width 112 of the body cavity 110. In examples with a 
plurality of tip cavities 114A-E, the widths 118 may be substantially the same. However, in other 
examples, the width of one tip cavity may be different from the width of another tip cavity. In the 
example of FIGs. 1 and 2, each tip cavity 114A-E has the same width 118. 
Each tip cavity 114A-E also has the depth 120, which is the extent to which the particular 
tip cavity extends from the body cavity 110 towards the tip 106. In some aspects, each tip cavity 
114A-E has a depth 120 such that a predetermined amount of material of the cap 104 remains 
between the tip 106 and a lowermost extent of the particular tip cavity 114A-E. In some cases 
where the electrode 102 includes the plurality of tip cavities 114A-E, each tip cavity may have 
the same depth 120. However, in other examples, the depth 120 of one tip cavity 114 may be 
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different from the depth 120 of another tip cavity 114. In the example of FIGs. 1 and 2, each tip 
cavity 114A-E has the same depth 120. 
In various examples, the tip cavities 114A-E may have various shapes or profiles as 
desired. For example, the tip cavities 114A-E may have various shapes and/or profiles such as 
cylindrical, rectangular, triangular, elliptical, tapered as the tip cavity extends towards the tip 114 
(i.e., reducing in width), or may have various other shapes or profiles as desired. Moreover, in 
examples where a plurality of tip cavities 114A-E are provided, the tip cavities may all have the 
same shape or profile, or the shape or profile of one tip cavity may be different from the shape or 
profile of another tip cavity. In the example of FIGs. 1 and 2, all of the tip cavities 114A-E have 
the same shape and profile, and are generally cylindrical. 
In some examples, the position and orientation of each tip cavity 114A-E may also be 
controlled. In some examples, the central axis 122 of at least one of the tip cavities 114A-E may 
be aligned with or substantially parallel to the central axis 116 of the electrode 102. In other 
examples, at least one of the tip cavities 114A-E may be positioned offset from the central axis 
116, the central axis 122 may be at a non-zero angle relative to the central axis 116, or the tip 
cavity may be provided at various other positions and orientations as desired. In the example of 
FIGs. 1 and 2, the tip cavity 114E is aligned with the central axis 116, and the other tip cavities 
114A-D are offset from the central axis 116 but are oriented such that the central axis 122 of 
each of the tip cavities is substantially parallel to the central axis 116. 
In certain aspects with the plurality of tip cavities 114A-E, the pattern of the tip cavities 
114A-E may also be controlled. The pattern of the tip cavities may include the particular 
physical arrangement of the tip cavities as well as the particular combinations of the other 
controllable characteristics (e.g., widths 118, depths 120, angle, etc.). 
In various aspects, by controlling one or more of the controllable characteristics of the tip 
cavity 114 (or tip cavities), the electrode 102 controls an electric current flow path in the tip 106 
and a temperature of the electrode cap 104. For example, the electrode 102 controls the electric 
current flow path by controlling what portions of the electrode 102 that the current can flow 
through (i.e., the portions of the electrode 102 that are not removed to form the tip cavity 114). 
As such, by controlling one or more of the controllable characteristics of the tip cavity 114, the 
electrode 102 controls how much current can flow, where the current can flow, etc. through the 
tip 106 depending on the characteristic of the tip cavity 114. As one non-limiting example, an 
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8 
electrode 102 having the tip cavities 114 as illustrated in FIGs. 1 and 2 may provide a first 
electric current flow path while a substantially similar electrode that only has two tip cavities 114 
(as opposed to the five tip cavities 114 in FIGs. 1 and 2) may provide a second electric current 
flow path that is different from the first electric current flow path. In some aspects, different flow 
paths may be desirable depending on the type of material to be joined, welding settings, joint 
configurations, etc. 
Moreover, the electrode 102 controls the temperature of the electrode cap 104 by 
controlling an amount of the inner surface of the electrode 102 that is in contact with the coolant 
as well as a location of the coolant within the electrode 102. As such, the temperature of the cap 
104 can be controlled to limit the temperature of the tip 106 and reduce or avoid electrode 
sticking during RSW, which increases the usable life of the electrode 102. 
In certain cases, the controllable characteristics of the tip cavity 114 are controlled to 
provide a desired current flow path to provide suitable welds for the materials to be joined, while 
also limiting and controlling the temperature of the tip 106. Such control may prolong the life of 
the electrode 102. Control of the controllable characteristics of the tip cavity may also allow for 
control of the current density at the electrode tip, particularly during a joining of dissimilar 
materials, such as aluminum to steels, aluminum to aluminum but with different gauges, etc. An 
upper electrode mounted on the upper arm of the electrode holder and a lower electrode mounted 
on the lower arm pf the electrode holder may also have different controllable characteristics 
when joining different material type. 
FIG. 3 illustrates a system 300 for enhanced RSW. As illustrated in FIG. 3, the RSW 
system 300 includes two of the electrodes 102 (one as an upper electrode 102A and the other as a 
lower electrode 102B). Any number of electrodes 102 in any configuration may be used as 
desired. In the example of FIG. 3, the controllable characteristics (e.g., number, pattern, depth, 
width, etc.) of the tip cavities 114 are the same for both electrodes. However, in other examples, 
the controllable characteristic of the tip cavities 114 of the upper electrode 102A may be 
different from a corresponding characteristic of the tip cavities 114 of the lower electrode 102B. 
For example, the number, pattern, depth, width, angle, etc. of the tip cavities 114 of the upper 
electrode 102A may be different from the pattern, depth, width, angle, etc. of the tip cavities 114 
of the lower electrode 102B. 
9




The RSW system 300 is used to join a first metal sheet 302 to a second metal sheet 304. 
As used herein, a sheet generally refers to an aluminum product having a thickness of less than 
about 4 mm. For example, a sheet may have a thickness of less than 4 mm, less than 3 mm, less 
than 2 mm, less than 1 mm, less than 0.5 mm, less than 0.3 mm, or less than 0.1 mm. A shate 
(also referred to as a sheet plate) generally has a thickness of from about 4 mm to about 15 mm. 
For example, a shate may have a thickness of 4 mm, 5 mm, 6 mm, 7 mm, 8 mm, 9 mm, 10 mm, 
11 mm, 12 mm, 13 mm, 14 mm, or 15 mm. In various examples, the first metal sheet 302 
includes a first aluminum alloy and/or the second metal sheet 304 includes a second aluminum 
alloy. In such cases, the first aluminum alloy and/or the second aluminum alloy can be cast using 
various suitable casting methods including, but not limited to direct chill casting (including direct 
chill co-casting) or semi-continuous casting, continuous casting (including, for example, by use 
of a twin belt caster, a twin roll caster, a block caster, or any other continuous caster), 
electromagnetic casting, hot top casting, or any other casting method. In other examples, the first 
metal sheet 302 and/or the second metal sheet 304 include a metal other than aluminum or an 
aluminum alloy. As one non-limiting example, the first metal sheet 302 includes an aluminum 
alloy and the second metal sheet 304 includes steel, or vice versa. As another non-limiting 
example, both the first metal sheet 302 and the second metal sheet 304 may include steel. 
In some examples, the first metal sheet 302 and/or the second metal sheet 304 may be 
selected from the group comprising a 1xxx series aluminum alloy, a 2xxx series aluminum alloy, 
a 3xxx series aluminum alloy, a 4xxx series aluminum alloy, a 5xxx series aluminum alloy, a 
6xxx series aluminum alloy, a 7xxx series aluminum alloy, or an 8xxx series aluminum alloy. In 
some examples, the first aluminum alloy is different from the second aluminum alloy (e.g., the 
first aluminum alloy is a 7xxx series aluminum alloy and the second aluminum alloy is a 6xxx 
series aluminum alloy). In other examples, the first aluminum alloy and the second aluminum 
alloy are both the same series aluminum alloy (e.g., both the first and second aluminum alloys 
are a 7xxx series aluminum alloy). In certain examples, the first aluminum alloy and the second 
aluminum alloy may be the same aluminum alloy (e.g., both the first and second aluminum 
alloys are a 7075 aluminum alloy).  
In other examples, the first metal sheet 302 and/or the second metal sheet 304 may 
include various other metals or types of metal sheets including, but not limited to, an aluminum 
cladded alloy sheet, a monolithic alloy (aluminum, steel, etc.), a roll bonded alloy, or various 
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other types of metal sheets to be welded together. In some non-limiting examples where the first 
metal sheet 302 includes aluminum and the second metal sheet 304 includes steel or some other 
dissimilar metal, the first metal sheet 302 may be brazed to the second metal sheet 304 where the 
second metal sheet 304 would not experience melting. 
To weld the first metal sheet 302 to the second metal sheet 304, at least a portion of the 
first metal sheet 302 and at least a portion of the second metal sheet 304 are positioned between 
the electrodes 102A-B such that the first metal sheet 302 and the second metal sheet 304 at least 
partially overlap. During the RSW process, the electrodes 102A-B are clamped together such 
that the electrodes contact opposing surfaces of the first metal sheet 302 and the second metal 
sheet 304, as illustrated in FIG. 3.  
While the electrodes 102A-B are clamped together, an electric current is applied via the 
electrodes 102A-B. Heat is generated at the interface of the metal sheets 302 and 304, which 
causes the metal sheets 302 and 304 to heat up and form a weld nugget 306. As the current is 
applied, the weld nugget 306 grows and elongates within the metal sheets 302 and 304. When the 
current through the electrodes 102A-B is stopped, the molten metal forming the weld nugget 
may cool to form a weld.  
FIG. 4 illustrates another example of an electrode 402. The electrode 402 is substantially 
similar to the electrode 102 except that the pattern of the tip cavities 114 in the electrode 402 is 
different from the electrode 102. In particular, the tip cavities 114B and 114D are omitted from 
the electrode 402 compared to the electrode 102 such that the electrode 402 has three tip cavities. 
FIG. 5 illustrates another example of an electrode 502. The electrode 502 is substantially 
similar to the electrode 102 except that the pattern of the tip cavities 114 in the electrode 502 is 
different from the electrode 102. In particular, the tip cavity 114E is omitted from the electrode 
502 compared to the electrode 102 such that the electrode 402 has four tip cavities. 
FIG. 6 illustrates another example of an electrode 602. The electrode 602 is substantially 
similar to the electrode 102 except the pattern of the tip cavities 114 in the electrode 602 is 
different from the electrode 102. In particular, the width of the tip cavity 114E is different from 
the width of the tip cavities 114A-D. 
FIG. 7 illustrates another example of an electrode 702. The electrode 702 is substantially 
similar to the electrode 102 except the pattern of the tip cavities 114 in the electrode 702 is 
different from the electrode 102. In particular, the depth of the tip cavity 114E is different from 
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the depth of the tip cavities 114A and 114C. In addition, a shape of the body cavity 110 of the 
electrode 702 is different from the shape of the body cavity 110 of the electrode 102. 
FIG. 8 illustrates another example of an electrode 802. The electrode 802 is substantially 
similar to the electrode 102 except the pattern of the tip cavities 114 in the electrode 802 is 
different from the electrode 102. In particular, the axes of the tip cavities 114A and 114C are at a 
non-zero angle relative to the central axis of the electrode. 
FIG. 9 illustrates another example of an RSW system 900. The RSW system 900 is 
substantially similar to the RSW system 300 except that the pattern of the tip cavities 114 of the 
upper electrode 102A is different from the pattern of the tip cavities of the lower electrode 102B. 
In particular, the upper electrode 102A includes tip cavities substantially similar to those 
illustrated in FIGs. 1 and 2, while the lower electrode 102B omits the tip cavities. 
Referring back to FIGs. 1 and 2, a method of forming the electrode 102 is also provided. 
In some examples, the method includes forming the electrode 102 such that the cap 104 and the 
tip 106 have a desired shape or profile. The method also includes forming the body cavity 110 
within the electrode 102 such that the body cavity 110 has a desired shape or profile.  
In some examples, the method includes forming at least one tip cavity 114 within the 
electrode 102 such that the tip cavity 114 is in fluid communication with the body cavity 110 and 
extends from the body cavity 110 towards the tip 106. In various examples, forming the at least 
one tip cavity 114 includes forming through various suitable forming techniques including, but 
not limited to, electrical discharge machining, drilling, 3D printing, molding, and/or various 
other suitable forming techniques. In some aspects, forming the at least one tip cavity 114 
includes controlling at least one controllable characteristic of the tip cavity 114. In various cases, 
the at least one tip cavity 114 is formed such that the controllable characteristic includes a 
predetermined width, a predetermined depth, a predetermined position, a predetermined pattern, 
a predetermined number, a predetermined shape, a predetermined orientation and alignment, 
and/or another predetermined characteristic that controls the electrical current flow path and 
temperature within the electrode 102. In various aspects, the controllable characteristic is 
controlled based on at least one of a material to be joined through RSW, welding settings, joint 
configurations, etc. 
FIG. 10 illustrates another example of an RSW system 1000. The electrodes 102A-B may 
or may not include the tip cavity 114. Compared to the RSW system 300, the RSW system 1000 
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further includes an external cooling unit 1002 that is configured to inject a coolant during RSW 
to control the welding temperature. While the external cooling unit 1002 is illustrated with both 
electrodes 102A-B, in other examples, the external cooling unit 1002 may be provided for only 
one of the electrodes. Various suitable coolants may be utilized to control the welding 
temperature. As one example, the coolant may be a cooling gas such as nitrogen, helium, CO2, 
and/or various other suitable cooling gases or combinations of gases. In other examples, various 
other types of suitable coolants may be utilized. As some non-limiting examples, other suitable 
coolants may include nanofluids, which use a liquid as the carrier and contains nanoparticles, and 
ionic liquids. In various aspects, the external cooling unit 1002 may be a nozzle, injector, gun, 
and/or various other suitable devices or combinations of devices for injecting the coolant during 
welding. 
In various examples, the usable life of the electrodes 102 may be increased by applying 
coolant through the external cooling unit 1002 such that the welding temperature is controlled to 
be lower than the formation temperature of eutectic phases in the electrode. As one non-limiting 
example, the formation temperature may be from about 480 °C to about 550 °C, and the coolant 
is applied by the external cooling unit 1002 such that the temperature is lower than the formation 
temperature. It will be appreciated that in other examples, the formation temperature may depend 
on the alloy of the metal sheets 302, 304, and as such, the formation temperature may be less 
than 480 °C or greater than 550 °C. It has been surprisingly found that by controlling the welding 
temperature to be lower than the formation temperature of the eutectic phases, erosion of the 
electrode (from the melting of copper from aluminum diffusion under high current) was reduced, 
and thereby the life of the electrode is improved. 
FIG. 11 illustrates another example of an RSW system 1100 that is substantially similar 
to the RSW system 900 except that the RSW system 100 further includes the external cooling 
unit 1002 of the RSW system 1000. 
FIG. 12 illustrates another example of an RSW system 1200 that is substantially similar 
to the RSW system 300 except that the electrode 102A includes one or more channels 1214 that 
can receive the coolant. In various aspects, the channels 1214 may be provided in addition to or 
in place of the tip cavities 114. As illustrated in FIGs. 12 and 13, in various aspects the channels 
1214 extend from the outer surface 108 of the body 104 of the electrode 102. In some cases, the 
channels 1214 extend across a complete width of the body 104, although they need not in other 
13




examples. The channels 1214 may optionally be in fluid communication with the body cavity 
110, although they need not be in other examples. In some cases, an external coolant supply may 
be connected to the one or more channels 1214. As best illustrated in FIG. 13, in various aspects, 
one or more channels 1214 intersect such that one channel 1214 is in fluid communication with 
another channel 1214. 
FIG. 14 illustrates another example of an RSW system 1400 that is substantially similar 
to the RSW system 1200 except that the channels 1214 of the electrode 102A do not intersect 
within the body 104. In various aspects, the channels 1214 extend substantially parallel to one 
another, although they need not in other examples. 
FIG. 15 illustrates another example of an RSW system 1500 that is substantially similar 
to the RSW system 300 except that the tip cavities 114 of the electrode 102A are tapered. 
The above-described aspects are merely possible examples of implementations, merely 
set forth for a clear understanding of the principles of the present disclosure. Many variations and 
modifications can be made to the above-described embodiment(s) without departing substantially 
from the spirit and principles of the present disclosure. All such modifications and variations are 
intended to be included herein within the scope of the present disclosure, and all possible claims 
to individual aspects or combinations of elements or steps are intended to be supported by the 
present disclosure. Moreover, although specific terms are employed herein, as well as in the 
claims that follow, they are used only in a generic and descriptive sense, and not for the purposes 
of limiting the described invention, nor the claims that follow. 
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